Lobelia tupa, also called devil's tobacco, is a native plant from the center-south of Chile which has been used by the native people of Chile as a hallucinogenic and anesthetic plant. A new piperidine alkaloid, called pentylsedinine, which comprises five carbons in the side chain, was isolated from the aerial part of L. tupa, along with lobeline and lobelanidine. The structure was established on the basis of 1D and 2D NMR spectroscopy. While lobeline is a neutral antagonist at α3β2/α3β4 nAChR and α7 nAChR, both lobelanidine and pentylsedinine act as partial agonists at nAChR.
Lobelia tupa L. (Campanulaceae), also called devil's tobacco, is a native plant from the center-south of Chile. It is an annual plant which grows to a height of two meters and has elliptical leaves around 15 cm long. The flowers are tubular with red color. The genus Lobelia comprises more than 50 species, including in particular L. inflata, which is chemically the most important species of Lobelia, with more than 20 piperidine alkaloids reported from this plant [1] .
The principal alkaloid in Lobelia species is lobeline (1) , which has been used as an anti-asthmatic, expectorant, respiratory stimulant, and smoking-cessation aid [1] . Lobeline has been reported to have many nicotine-like effects, including tachycardia and hypertension [2] , hyperalgesia [3] and improvement of learning and memory [4] . The native people of Chile called "Mapuche" have used different plants in their rituals, among which L. tupa was used as a hallucinogenic and anesthetic [5] . The biological activity of L. tupa is attributed to its high alkaloid content, but the main reported alkaloid, lobeline (1), when used in humans, did not elicit hallucinogenic effects. Accordingly, it is possible that minor components in the plant display biological activity at neuronal receptors consistent with the ethnopharmacological use. In this study, fresh leaves of L. tupa were extracted and purified, yielding three alkaloids: lobelanidine (2), the main constituent, followed by lobeline (1) and a new piperidine alkaloid called pentylsedinine (3). The structure of 3 is similar to that of sedinine (4), but it comprises five carbons in the side chain, which is unusual for Lobelia alkaloids [1] . In the course of investigating potential nicotinic acetylcholine receptor (nAChR) ligands, the three alkaloids were evaluated in α3β2/α3β4 nAChR and α7 nAChRusing highthroughput fluorescent plate-reader FLIPR TETRA assays. While lobelanidine is a neutral antagonist of α3β2/α3β4 nAChR and α7 nAChR, both lobeline and pentylsedinine act as partial agonists of nAChR. Herein we report the isolation and structural elucidation of pentylsedinine and the nAChR activity of the isolated alkaloids. The structures of the known compounds isolated from L. tupa were identified using spectroscopic methods. Lobelanidine (2) was the major product of the plant; it is the reduced form of 1 with a symmetric structure. In contrast, a new compound, named 1-(6-(2hydroxy-2-phenylethyl)-1-methyl-1,2,5,6-tetrahydropyridin-2yl)pentan-2-ol, called pentylsedinine (3), has two alcohol groups at carbons 8 and 10 and also a double bond in the central heterocyclic ring, which is usual for Lobelia alkaloids. In addition, 3 has five carbons in the side chain, which is the first time this structural feature has been reported for Lobelia alkaloids (Figure 1 ). The relative configuration of 3 can be compared with the NMR data of a similar alkaloid, sedinine (4) . The chemical shifts of the piperidine ring carbons of 3 are in excellent agreement with the corresponding data of sedinine [6] . This suggests that 3 could have the same relative configuration at carbons 2 and 6; this is corroborated by a strong NOE found between H-6 and H-9, whereas between H-6 and H-2 no NOE could be observed. Furthermore, it is also shown by an NOE between N-Me and H-2. The NOE between H-2 and H-10 and assuming a hydrogen bridge between HO-10 and the ring nitrogen, as shown in Figure 2 , leads to a relative configuration at C-10 of R*. Thus, the relative configuration of 3 is 2R*, 6S*, 10R*. Comparing the optical rotation data of 3 with 4 [7] , for both compounds levorotation was found, with similar values (-108.6° and -98°). Therefore, it is proposed that 3 has the same configuration as that found for 4: 2R, 6S, 8S, 10R.
The biological activity of compounds 1, 2 and 3 at nAChR showed surprising differences. Compound 2 inhibited α7 nAChR and α3β2/α3β4 nAChR responses with an IC 50 of 8.2 ± 3.0 and 2.8 ± 0.2 µM, respectively (see Table 2 ). In contrast, both 1 and 3 acted as partial nAChR agonists at both homomeric α7 nAChR (compound 1, EC 50 1.9 ± 1.1 µM, 34.3 ± 10.2 % choline response; compound 3, EC 50 0.4 ± 0.08 µM, 48.4 ± 15.6 % choline response) and heteromultimeric α3β2/α3β4 nAChR (compound 1, EC 50 0.85 ± 0.36 µM, 20.9 ± 7.3 % nicotine response; compound 3, EC 50 0.33 ± desensitized α7 nAChR to subsequent stimulation with the selective α7 nAChR agonist choline, resulting in an apparent IC 50 of 1.6 ± 0.4 µM for compound 1 and an apparent IC 50 of 0.37 ± 0.08 µM for compound 3. A similar pattern of activity was also observed for α3β2/α3β4 nAChR responses, where 2 inhibited nicotine-evoked responses without eliciting Ca 2+ transients, while activation of α3β2/α3β4 nAChR by 1 and 3 caused desensitization to subsequent nicotine responses, leading to an apparent IC 50 of 0.62 ± 0.33 µM for compound 1 and an apparent IC 50 of 0.18 ± 0.02 µM for compound 3 (Figure 3 and Table 2) .
Surprisingly, while lobelanidine (2) acts as a neutral antagonist at α3β2/α3β4 nAChR and α7 nAChR with IC 50 values consistent with literature reports [8] , both lobeline (1) and pentylsedinine (3) acted as non-selective partial agonists at nAChRs. Compounds 1 and 2 are structurally closely related and show the same stereochemistry at C2, C6 and C10 (Fig. 1) . However, 2 is the reduced form of 1, giving a new chiral center which is likely to contribute to the observed pharmacological differences, including slightly increased potency of 1 compared with 2 at both ganglionic-type α3β2/α3β4 and α7 nAChR ( Table 2 ). Further insight into the structural requirements for high affinity agonist activity at nAChR was provided by 3, which has different configurations at C6 and C8 and also exhibits an aliphatic side chain which would provide more flexibility compared with the phenyl ring of 1 and 2. This is also Piperidine alkaloids from Lobelia tupa Natural Product Communications Vol. 10 (8) 2015 1357 evidenced by the physical states of the compounds with 3 being an oil while 1 and 2 are solid. The aliphatic side chain and slight configurational alterations in 3 resulted in significantly increased potency at both α3β2/α3β4 nAChR and α7 nAChR compared with 1 and 2, as well as slightly increased efficacy at α7 nAChR. Compound 4 is related to the alkaloid sedinine, which, based on its structural features, might be expected to exhibit intermediate potency and efficacy at nAChR. However, the activity remains to be determined of sedinine at nAChR, as well as further analogues of 3 and their in vivo effects.
Thus, although 1, 2, and 3 are piperidine alkaloids that are structurally closely related, intriguing functional differences are apparent, including partial agonist activity of 1 and 3, and increased potency of 3 compared with 1 and 2. 
Experimental

Extraction and isolation:
Dried and milled plant material from L. tupa was macerated for 3 days in aqueous acid (10 L, pH 3, HCl) at room temperature and filtered. The water layer was extracted with EtOAc (3 × 4 L) and the organic layer was evaporated under reduced pressure at 45°C to afford a gummy residue (extract H + : 10 g). The acid water was basified (pH 11, NaHCO 3 -NaOH diluted) and extracted with EtOAc (3 × 5 L). The organic layer was evaporated under reduced pressure at 45°C to afford a gummy residue. The crude OHextract (15 g) was chromatographed using a silica gel column and eluted with n-hexane, n-hexane-ethyl acetate 1:1, ethyl acetate, ethyl acetate-methanol 8:2 gradient. Preparative chromatography was monitored by TLC (silica gel); compounds were revealed with UV light, followed by spraying with Dragendorff's reagent. Those fractions showing similar TLC patterns were pooled giving 4 sub-fractions B1 to B4. Fraction B2 (4.4 g) was applied to a Sephadex LH-20 column (MeOH) and further separated by silica gel CC [200−300 mesh, EtOAc 100%] affording 2500 mg of compound 2 (colourless crystals). Fraction B3 (2.5 g) was applied to a Sephadex LH-20 column (MeOH) and further separated by silica gel CC [EtOAc/MeOH 9:1] affording 130 mg of compound 1 (colorless crystals). Fraction B4 (1.8 g) was applied to a Sephadex LH-20 column (MeOH) and further separated by silica gel CC [EtOAc/MeOH 4:1] giving 30 mg of compound 3 (yellow oil).
